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The higher appreciate rate of house price is Spain is not quite common at all the most important cities. In Table 1 we report the price of squared meter in euro for 2004 and his growth rate after three years for the main Spanish provincial capitals. We can observe that the change of the house price is not the same across cities; however what seems to point towards house price convergence for the main Spanish capitals. Cities in which prices are relatively low at the beginning of the period analysed such as Valencia or Seville, a higher price growth is observed, getting closer to the price of the cities with higher price in 2004. Most of these cities are the capital of the several regions of the Spain. 
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In front at this evidence one of the objectives of this paper is understand the evolution of the house price distribution across time and across regions in Spain. Very few studies have focused on the change in the distribution of price across region, so the full distribution of housing prices over time and its decomposition is a field of housing economics that merits development. Recent studies on the cross-sectional distribution of house prices include Garcìa and Raya (2010) , Gyourko et al. (2006) , Maza and Pages (2007) , McMillen (2008) . Gyourko et al. (2006) and Maattanen and Tervio (2010) studied the relationship between the house price distribution and the income distribution. Maattanen and Tervio (2010) ask whether the recent increases in income inequality in the United States have had any impact on the distribution of house prices. Maza and Pages (2007) suggested that income and nominal interest rates are pivotal explanatory factors in the growth of the house price. On the other hand, McMillen (2008) focuses on the change in the house price distribution over time and asks whether the change in the price distribution comes from a change in the distribution of house characteristics such as size, location, age, or from a change in the implicit prices associated with those characteristics. McMillen (2008) shows that the decomposition method is an useful tool to look at the distribution of the house price, and the findings can have important implications (such as for price indexes). Finally, Garcìa and Raya (2010) explain the variance in the house price distribution in a point on the time rather than over a period by estimating the full impact of the explanatory variables on the Gini index.
In this context, we are interested in knowing to what extent the difference between house prices became smaller or larger over the period concerned. In this way we can find out whether the price of cheaper houses increase more or less in relative terms than that of more expensive housing. Our analysis tends to study these questions for various Spanish cities (Madrid, Barcelona, Valencia, Seville, Zaragoza, Malaga and Bilbao) with the objective to understand the determinants of the variation of the price across cities.
For this purpose we use a dataset from a private real estate agency that give very detailed information about the houses sold. Changes in the distribution of price can be as a result of: more houses or apartment being sold in high price neighbourhoods (change in locations of homes sold), different characteristics of housing sold (change in size and quality of the homes sold) or changes in the underlying hedonic price functions.
In this respect, to study the changes in the distribution of house price from 2004 to 2007
and its decomposition we apply a decomposition method proposed by Melly in 2005, that permit us to isolate these components of housing price changes.
The focus of our paper is closely related to the issues discussed in McMillen (2008), but differs from it because is related to Spain and we present an analysis across cities. In addition we using the technique of Melly's (2005) instead of that of Machado and Mata (M-M) (2005) , which is the most common quantile regressionbased decomposition. Recent research has focused on changes on the whole distribution rather in the average. There are many studies that have extended Oaxaca (1973) and Blinder (1973) decomposition of differences at the mean to decomposition of the whole distribution. Juhn et al. (1993, JMP) have proposed an extension of the Oaxaca decomposition by taking account of the distribution of residuals. DiNardo et al. (1996) and Lemieux (2002) proposed an estimator of counterfactual makes the distribution of Several authors make use of M-M decomposition technique in their applications (e.g., Albrecht et al. 2009; Kohn, 2006) , to study the wage distribution and recently to estimate the effect of neighbourhood diversity (Cobb-Clark and Sinning (2011)), house price (McMillen (2008)) or immigration and house price (Degen and Fisher (2009) (Buchinsky, 1998) . This method solving the problem of crossing of different quantile curves and derives the asymptotic distribution. This is an inconsistency which sometimes appears in conditional quantile regressions (as proposed by Koenker and Basset, 1978 Using this method we compare differences in house prices and their determinants among the most important Spanish cities, in order to check if we find significant differences across regions. In other words we explore if the effect of a housing bubble on the crosssectional price distribution affect at the Spanish cities in the same measure. As we have observed, the study of housing price distribution is a main area of future research and the papers of differences across regions is limited, so with this paper we want to contribute to the literature among the distribution of house price at region level.
We find three important results. The structure of this paper is as follows. In section 2, we introduce Spanish cities and point out some differences among them. The next section studies the data and the descriptive statistics. Section 4 studies the empirical model and estimation strategies.
Section 5 summarizes results with especial focus in comparison across cities. Finally, we will conclude with some remarks.
3 In M-M the estimated coefficients are randomly assigned and their re-ordering has no considerable effect on the counterfactual unconditional distributions.
A little overview of the Spanish cities analyzed
In this section we look at the distribution of house price in the Spanish cities. Spain has seventeen regions, it's a kind of federal state, i.e. each region has a local government.
These regional governments are responsible for the administration of schools, universities, health, social services, culture, urban and rural development and, in some cases, policing. Under this framework we can find very huge difference between one region to other, such as among cities between region. The differences could come for several reasons: cultural, political or economics. To explore these differences is very interesting if we want to understand better the policies that the central government need to make. This is particularly true when we want to analyze shocks at regional level, because for most of them the reaction could be different, such as in the house price distribution during the boom period.
As we report in Table 1 we observe not only initial house prices (2004), but also gap price (2004) (2005) (2006) (2007) is different among them. In this sense, it would be worthwhile to add some discussion of potential differences among the cities that might account for the differences in the price distribution changes.
Some Spanish authors have discussed these differences (and the causes) among cities: (Balmaseda et al. 2002; Taltavull and 2003; Hiebert and Roma, 2010) . In general, theoretical fundamentals about the determinants of housing prices have been exhaustively studied in the housing literature. Explanatory variables in these housing prices models are basically: population, unemployment (especially youth unemployment), income, interest rates and residential capital (Nellis and Longbottom 1981 , Meen 1990 , Di Pasquale and Wheaton 1994 , Johnes and Hyclak 1994 , Potepan 1994 , Abraham and Hendershott 1996 , England and Ioannides 1997 , Hort 1998 , Malpezzi 1999 , Jud and Winkler 2002 , Meen 2002 , Andrew and Meen 2003 and Taltavull 2003 .
In Table 2 we show information about some of these variables Table A .1).
In Tables 3 and 3a we report the descriptive statistics of our sample for Spanish cities in two different years (2004 and 2007) and the variables that we take into account for our estimation. As we can see Madrid and Barcelona have the highest average house prices compared to other Spanish cities in 2004. In 2007 the price growth was, at least 20% for all cities (with the exception of the 17% for Barcelona), the growth of the average price is quite heterogeneous among cities, therefore in cities such as Valencia and Zaragoza the increase is above 40%, this is in line with the official price of the Ministry of Housing (see Table 1 ). The characteristics of the building sold not change a lot from one year to another; we just can observe that the structural variable "lift" is more present in the 2007. 
Hedonic regression
At this point, we are interested in determining if the distributional change can be explained by size, quality and location characteristics of the homes sold and/or the coefficients account for this changes, and if there are systematic differences between different cities within a country. A large used approach to deal with product heterogeneity in terms of quality is the hedonic analysis. The economic literature on hedonic prices arose in the context of the car market. This was the framework for the classical work by Griliches (1971) , who popularized these models. Once the technique had been popularized in the 1950s (Tinbergen, 1951) , it took over a decade to provide it with a theoretical foundation. In this case the classical work was that of Rosen (1974) 5 . In it he showed how heterogeneous products are composed of various characteristics and how the marginal price is implicit in these. In this section we 5 The hedonic technique rests on modern consumer choice theory, according to which the consumer derives utility not directly from the good but from its characteristics. See Lancaster (1966) .
estimate a hedonic function model by OLS. Clearly, housing is a good that fits perfectly into the framework of hedonic price models. Some outstanding work in the literature on hedonic prices applied to the housing market includes articles by Palmquist (1984) , Mendelsohn (1984) , Bartik (1987) , Mills and Simenauer (1996) , Bover and Velilla (2001) , Ekeland et al (2002 and 2004) , Bin (2005) and Garcia and Raya (2010) . In relation to quantile estimation, in the context of housing, it is also easy to appreciate that the evaluations that individuals make of the physical characteristics of their home differ according to whether homes have higher or lower price per square meter. Quantile regression has also recently been used in the literature on housing economics (see McMillen and Thorsnes (2006) , Coulson and McMillen (2007) and Zietz et al. (2008) .
The model that will be considered has the following specification:
( 1) where p is the price of the house (we express it in its logarithm of the price per squared meter), X is a vector of physical characteristics of the house, Dj is a dummy variable corresponding to the area j in which the house is located, T is a dummy variable corresponding to the semester t to which the observation of the house i corresponds, and finally, u and δ are respectively the corresponding error term and the initial price per square meter of a house with the reference characteristics (and β, α and τ, are estimated parameters).
This model is estimated and reported in Table 4 , where we present the results of the hedonic pricing model by quantile for the total sample and for four years. With regard to OLS estimation, an increase of 1 year in the age of the dwelling produces a 0.04% decrease in the price per square meter, while an increase of 1 square meter in the useful floor area decrease the price per squared meter in 0.48%. The availability of a lift increases the price per square meter by 14.93%, while to have a separate kitchen into the dwelling decrease the price per square meter in 1.91%. Finally, bedrooms and floor are not significant in the OLS equation. In terms of quantile estimation, we can see that, with regard to the effect of the age of a dwelling on quantile regressions, it appears to have a diminishing quantitative impact (less negative) as we advance towards higher percentiles. The impact of the floor area also falls at higher percentiles. In the case of type of kitchen, floor and bedrooms variables, the sign of the impact changes from negative to positive as we advance to higher percentiles. That is, an increase in the number of bedrooms, to live in a higher floor and to have a separate kitchen into the dwelling is positive valued at lower percentiles but negative valued at higher percentiles.
Finally, all other variables being equal, the impact of having a lift is positive and appears to have an increasing quantitative impact as we advance towards higher percentiles. To answer these questions we use the different literature to estimate the distribution of earnings or prices based on the quantile regression, by looking at the effects of covariates on different quantiles of log price distribution and not only at the average of variables. We can decompose changes in the distribution of house prices into the part due by changes in the distribution of the explanatory variables and the part induced by changes in the coefficients of quantile regression.
Machado and Mata (2005) present an estimator using quantile regression to decompose differences in log wages between two groups where the differences at various quantiles of distributions can be analysed.
Assuming linearity between the quantiles of the dependent variable Y and the covariates X, then the τ th conditional quantile of Y is given by the following equation: Koenker and Basset (1978) proposed a method of calculating the quantile regression that can be estimated by minimizing β(τ) of the following expression:
with the check function ρ t weighting the residuals μ i asymmetrically:
Based on quantile regression and the Blinder and Oaxaca (1973) (2005) proposed to estimate first the whole conditional wage distribution by quantile regression. Then, the conditional distribution is integrated over the range of covariates to obtain an estimation of the unconditional distribution. Four our study we use the Melly method instead of Machado and Mata due some advantage in the calculation of the quantile decomposition, however the some results is can achieve using M-M. Melly's method can be represented in the following expressions:
Where F yt (q|Xi ) is the conditional quantile function of the dependent variable Y evaluated at quantile q given a set of characteristics X = Xi, and the conditional quantiles of Y is linear in X.
An estimator of the conditional distribution of Y t given Xi at q is:
Following the convention of taking the infimum of the set, a natural estimator of the θ th quantile of the unconditional distribution of Y is given by:
From this expression we can calculate the unconditional and counterfactual quantiles distributions that are, respectively:
According with Oaxaca-Blinder (1973) is always positive, house prices have increased during this period. Most of difference in price is due at change in coefficients instead of characteristics effects. This is should be not unexpected; the houses cannot be changed quickly such that if prices increased in a short period of time, this has to be due to coefficients. We can see also that the difference is larger at lower percentiles than higher percentiles. A plausible explanation is that due to the high increase in housing prices, the demand for low-priced houses increased (income restrictions). In this sense, most buyers decided to buy low-priced houses because the price is more affordable. Finally, house of medium-priced and high- 
Comparison among cities
In this section we reported the same analysis of decomposition using Melly's method, to understand the variation of the price among cities. Explore how the price has evolved among Spanish cities is a very important topic. Cities in Spain can be different for many reasons: geographical history, economic structure and federal or council government policies. In fact, in section 2, we have presented many economic determinants of potential differences among Spanish cities that might account for the differences in the price distribution changes. However, having a representative sample at city level is a very difficult duty. Thanks our dataset we can explore some difference in the distribution of house across regions in Spain.
The analysis is reported in Figures 5 and 6 . The majority-but not all-of the cities have a similar pattern as the one we have seen in Figure 3 for Spain. As we can see in Figures   5 and 6 price differences are larger at lower and higher percentiles.
Analyzing city by city, Zaragoza presents a uniform increasing of the price along all the distribution, and it's also the city less affected by the boom in our dataset. Also, very similar patterns are observed in Sevilla and Malaga. In these cases, increasing differences in sales prices at lower percentiles represent the main change with respect to the general pattern. In Barcelona, differences in sales prices are almost constant along price distribution. Finally, the main exceptions to the general pattern are Madrid and Valencia. In Madrid, price differences increase along the distribution from lower at lower percentiles to higher at higher percentiles. Valencia has the opposite pattern.
Bilbao presents the same pattern as Valencia but much less pronounced.
Otherwise, the maximum variation in price differences among percentiles is observed in Valencia, while minimum variation in price differences is observed in Barcelona. In general, variation in price differences is small for all cities (lower than 0.3), with the exception of Valencia, for which price differences varies from 0.9 to 0.3 approximately.
To sum up, in Valencia (specially, but also in Bilbao), some convergence in housing prices is achieved during 2004-2007 period, in the sense that price growth has been higher at lower percentiles. Thus, prices in 2007 are more similar along the distribution.
Instead, some divergence is observed in Barcelona and Madrid. In the two larger cities of Spain, prices in 2007 are less similar along the distribution because price growth has been higher at higher percentiles. This smaller price growth (in relative terms with respect to price growth at higher percentiles) at lower percentiles in Barcelona and Madrid may be due to lower demand for homes in these percentiles. This lower housing demand has been motivated by, principally, lower population growth observed in Table   2 .
Again, at lower and medium percentiles, the characteristics of the house seem don't explain the change in the price. However, at higher percentiles, in Madrid, Barcelona, We used a procedure developed by Melly (2005) to decompose this change in the house price distribution into the portion due to changes in the distributions of the explanatory variables and the portion due to changes in their coefficients. This method solves the problem of crossing of different quantile curves and derives the asymptotic distribution.
We find that the difference is larger at lower percentiles and higher percentiles. Thus, results presented here suggest (as pointed out in McMillen, 2008 ) that a single price index is not an appropriate measure of housing price evolution, since variance of the house price distribution increased over time (with, in our case, greater appreciation rates at lower and higher quantiles). Allowing appreciation rates to vary across quantiles provides a more accurate picture of the change in the full distribution of house prices than an estimator that focuses on only the mean or median. And this result is reinforced for the fact that variation across quantiles of the appreciation rates, and its components, are different among cities which make up the index.
Thus, in terms of future research, it would be interesting to test findings in the bust period which started in 2008. In addition, it would also be interesting to use the framework of Garcia and Raya (2010) to analyze which characteristic contributes to the equality or inequality in housing prices.
